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SPECIFICATION 



TITLE OF THE INVENTION 

Stereophonic sound field reproducing apparatus 

5 

TECHNICAL FIELD 

This invention in general relates to a stereophonic 
sound field reproducing apparatus for reproducing a 
stereophonic sound field. More particularly, this 
10 invention relates to a stereophonic sound field reproducing 
apparatus for executing a signal process^ and reproducing 
a stereophonic sound field using a plurality of speakers, 

BACKGROUND ART 

15 Conventionally, as a stereophonic sound field 

reproducing apparatus, for example, the OSS 
(Ortho-Stereophonic System) which was suggested by 
Tomotoshi Miura (professor at the general research institute, 
Tokyo Denki University) is known. Fig. 18 is an explanatory 

20 diagram showing a structure of the conventional OSS. This 
OSS has a dummy head 51 called as HATS (Head and Torso 
Simulator) arranged in a stereophonic sound field 50 as 
recording target, a minimi crophone 52L arranged in a position 
of tympanic membrane of a left ear inside the HATS 51, a 

25 minimicrophone 52R arranged in a position of tympanic 
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membrane of a right ear inside of the HATS 51. There is 
an OSS-Network section 60 for inputting signals from the 
minimicrophones 52L and 52R and. executing a cross talk 
canceling process . A speaker 71L is provided in front-left 
5 of a listener (user) 72. A speaker 71R is provided in 
front-right of the user 72. The OSS reproduces the 
stereophonic sound field 70. 

The OSS-Network section 60 has circuits 61L and 61R 
for correcting a free sound field front incident head 

10 transmission function of the user 72, a cross talk canceling 
circuit 62L for outputting a cross talk canceling signal 
to be added to a signal to the speaker 71R, a cross talk 
canceling circuit 62R for outputting a cross talk canceling 
signal to be added to a signal to the speaker 71L, a mixing 

15 circuit 63L for adding a cross talk canceling signal to a 
signal to the speaker 71L, a mixing circuit 63R for adding 
a cross talk canceling signal to a signal to the speaker 
71R, a circuit 64L for correcting a characteristic between 
the speaker 71L and the user 72 according to an inverse 

20 function, and a circuit 64R for correcting a characteristic 
between the speaker 71R and the user 7 2 according to an inverse 
function . 

How the conventional OSS works will be explained here . 
At first, the HATS 51 arranged in the stereophonic sound 
25 field 50 as recording target executes binaural recording. 



A sound, which was measured by the minimicrophone 52L 
arranged in the position of the tympanic membrane of the 
left ear in the HATS 51, and a sound, which was measured 
by the minimicrophone 52R arranged in the position of the 
tympanic membrane of the right ear in the HATS 51, are 
converted into signals L and R respectively. The signals 
L and R are input into the OSS-Network section 60, 

The signals L and R input into the OSS-Network section 
60 are corrected by the circuits 61L and 61R for correcting 
a free field front incident head transmission function of 
the user 72. These corrections are represented by: 

EL = HEL/DEL 

ER = HER/DER. 

Here, EL is a transmission function of the circuit 61L, ER 
is a transmission function of the circuit 61R, HEL/DEL and 
HER/DER are correction terms of the free field front incident 
head transmission function. 

Next, the cross talk canceling circuit 62L inputs an 
output signal of the circuit 61L and outputs a cross talk 
canceling signal to be added to a signal to the right speaker 
71R. Similarly, the cross talk canceling circuit 62R inputs 
an output signal of the circuit 61R and outputs a cross talk 
canceling signal to be added to a signal to the left speaker 
71L . A transmission function CL of the cross talk canceling 
circuit 62L and a transmission function CR of the cross talk 
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canceling circuit 62R are represented by: 
CL = -HLO/HLS 
CR = -HRO/HRS . 

Here, HLO is a characteristic between the left speaker 71L 
5 and the right ear of the user 72, HLS is a characteristic 
between the left speaker 71L and the left ear of the user 
72, HRO is a characteristic between the right speaker 71R 
and the left ear of the user 72, and HRS is a characteristic 
between the right speaker 71R and the right ear of the user 
10 72 , 

Next, the mixing circuit 63L mixes the output signal 
of the circuit 61L with the cross talk canceling signal from 
the cross talk canceling circuit 62R so as to output the 
mixed signal to the circuit 64L. Similarly, the mixing 

15 circuit 63R mixes the output signal of the circuit 61R with 
the cross talk canceling signal from the cross talk canceling 
circuit 62L so as to output the mixed signal to the circuit 
64R. The circuits 54L and 64R process the input signals 
according to the inverse functions for correcting the 

20 characteristics between the speakers 71L and 71R and the 
user so as to output the processed signals to the speakers 
71L and 71R. A transmission function TL of the circuit 64L 
and a transmission function TR of the circuit 64R are 
represented as follows: 

25 TL = 1/((1 - CL X CR)HLS) 
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TR = 1/((1 - CL X CR)HRS). 

The signals processed in the OSS-Network section 60 
are reproduced from the reproduction-use right and left 
speakers 71L and 71R, and the stereophonic sound field 70 
5 is reproduced. HLS, HLO, HRS, HRO, HEL, HER, DEL and DER 
are previously measured, and characteristics (filter 
factors) of the respective circuits in the OSS-Network 
section 60 are determined. 

However, in the conventional OSS, since a positional 
10 relationship between the head of the user and the speakers 
is not fixed, it is necessary to fix a position of the user. 
When the user moves his/her head, there arises a problem 
that the user feels that sound quality is incongruous or 
a phase is inverted. 

15 

DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide 
a stereophonic sound field reproducing apparatus for 
generating a stereophonic sound without fixing a position 

20 of a user and without feeling that sound quality is 
incongruous and a phase is inverted. 

The stereophonic sound field reproducing apparatus 
according to this invention comprises a plurality of sound 
wave output units, arranged around a head of a user at the 

25 time of using, which receive signals and output sound waves; 



and a first signal processing unit which processes signals 
to be supplied to the sound wave output units so as to 
simultaneously correct the signal based on the 
characteristics between the sound wave output units and the 
head of the user and the characteristics between the sound 
wave output units . 

According to this invention, the sound wave output 
units are arranged around the head of the user at the time 
of using and input signals so as to output sound waves. 
Furthermore, the first signal processing unit processes 
signals to be supplied to the sound wave output units so 
as to simultaneously correct the signal based on the 
characteristics between the sound wave output units and the 
head of the user and the characteristics between the 
plurality of sound wave output units. As a result, even 
if a position or direction of the head of the user is changed, 
the positional relationship between the sound wave output 
units and the head of the user is not changed. Moreover, 
the characteristics between the sound wave output units and 
the head of the user and the characteristics between the 
sound wave output units are corrected simultaneously. 

Furthermore, the stereophonic sound field reproducing 
apparatus further comprises a holding unit, attached to the 
head of the user at the time of using, which hold the sound 
wave output units around a circumference of the head of the 



Thus, the holding unit is attached to the head of the 
user at the time of using and holds the sound wave output 
units to the circumference of the head of the user. As a 
result, the sound wave output units can be arranged easily 
around the head of the user. 

In addition, in the stereophonic sound field 
reproducing apparatus, at least four sound wave output units 
are provided. These four sound wave output units are 
arranged in the vicinity of the ears of the user in such 
amanner that at least two soundwave output units are provided 
in the vicinity of each ear. 

Thus, at least two sound wave output units are provided 
in the vicinity of each ear. Therefore, stereophonic sound 
field can be reproduced more properly. 

In addition, the stereophonic sound field reproducing 
apparatus further comprises a plurality of detection units, 
arranged in positions or their vicinities where a 
relationship with a head of human body or a simulation units 
simulating human body is the same as a relationship between 
the head of the user and the sound wave output units at the 
time of recording, which detect a sound field and generate 
signals to be supplied to the sound wave output units. 

Thus, the detection units are arranged in positions 
or their vicinities where a relationship with the head of 



human body or simulation units which imitates human body 
is the same as the relationship between the head of the user 
and the positions of the sound wave output units . The 
detection units detect a sound field and generate signals 
5 to be supplied to the sound wave output units. As a result, 
a sound field can be reproduced by using an actually measured 
value of a sound field around the head. 

Furthermore, the stereophonic sound field reproducing 
apparatus further comprises a second signal processing unit 

10 which executes a process on the signals to be supplied to 
the sound wave output units using characteristics from a 
position where a sound image is fixed to vicinities of the 
sound wave output units. 

Thus, the second signal processing unit executes the 

15 process on the signals to be supplied to the sound wave output 
units using the characteristics from a position where a sound 
image is fixed to the vicinities of the plurality of sound 
wave output units. For this reason, a desired sound image 
can be fixed in a desired position. 

20 In addition, in the stereophonic sound field 

reproducing apparatus, at least eight soundwave output units 
are provided. These eight sound wave output units are 
arranged in the vicinity of the ears of the user in such 
a manner that at least four sound wave output units are 

25 provided in the vicinity of each ear. The four sound wave 



output units provided in the vicinity of each ear are provided 
in such a manner that they are positioned at apexes of a 
triangular pyramid. 

Thus, at least four soundwave output units are provided 
in the vicinity of each ear and they are provided in such 
a manner that they are positioned at apexes of a triangular 
pyramid. As a result, a more stereophonic sound field is 
reproduced . 

In addition, in the stereophonic sound field 
reproducing apparatus, the first signal processing unit 
corrects characteristics between all of the soundwave output 
units and the head of the user and characteristics between 
all of the sound wave output units simultaneously. 

Thus, the first signal processing unit executes the 
signal process for correcting the characteristics between 
all the sound wave output units and the head of the user 
and the characteristics between all the sound wave output 
units simultaneously. As a result, a stereophonic image 
is reproduced more properly. 

In addition, in the stereophonic sound field 
reproducing apparatus, out of the sound wave output units, 
a desired number of sound wave output units are provided 
in the vicinity of one ear of the user and the remaining 
sound wave output units are provided in the vicinity of the 
other ear. Furthermore, the first signal processing unit 
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is divided into a third signal processing unit which correct s 
characteristics between all the sound wave output units 
corresponding to the one ear and the head of the user and 
characteristics between all the sound wave output units 
5 corresponding to the one ear, and a fourth signal processing 
unit which corrects characteristics between all the sound 
wave output units corresponding to the other ear and the 
head of the user and characteristics between all the sound 
wave output units corresponding to the other ear. 

10 Furthermore, the third and fourth signal processing units 
execute the signal process simultaneously. 

Thus, the third signal processing unit executes the 
signal process for correcting the characteristics between 
all the sound wave output units corresponding to one ear 

15 and the head of the user and the characteristics between 
all the sound wave output units corresponding to one ear. 
Moreover, the fourth signal processing unit executes the 
signal process for correcting the characteristics between 
all the sound wave output units corresponding to the other 

20 ear and the head of the user and the characteristics between 
all the sound wave output units corresponding to the other 
ear. As a result, a calculation amount of the signal process 
is reduced. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 



11 



Fig, 1 is an explanatory diagram showing a structure 
of a stereophonic sound field reproducing apparatus 
according to one embodiment of the present invention; Fig. 
2 is a perspective view showing a structure of a speaker 
5 section according to the present embodiment; Fig. 3 is an 
explanatory diagram showing one example of an arrangement 
of minimicrophones according to the present embodiment; Fig . 
4 is an explanatory diagram showing one example of an 
arrangement of reproduction-use minispeakers according to 

10 the present embodiment; Fig. 5 is an explanatory diagram 
for explaining a recording process according to the present 
embodiment; Fig. 6 is an explanatory diagram for explaining 
a reproducing process according to the present embodiment; 
Fig. 7 is a block diagram showing one example of a structure 

15 of a signal processing unit according to the present 
embodiment shown in Fig, 1; Fig. 8 is an explanatory diagram 
for explaining a function of the signal processing unit 
according to the present embodiment; Fig. 9 is a flowchart 
showing a flow of an operation of the stereophonic sound 

20 field reproducing apparatus according to the present 
embodiment; Fig. 10 is a block diagram showing one example 
of a structure of a head transmission function filter 
according to the present embodiment; Fig, 11 is a block 
diagram showing a structure of another head transmission 

25 function filter according to the present embodiment; Fig. 
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12 is an explanatory diagram for explaining the recording 
process according to the present embodiment in the case where 
two sound sources exist; Fig. 13 is an explanatory diagram 
showing another example of the arrangement of the 
5 minimicrophones according to the present embodiment; Fig. 

14 is a block diagram showing a structure of another signal 
processing unit according to the present embodiment; Fig. 

15 is an explanatory diagram for explaining a function of 
another signal processing unit according to the present 

10 embodiment; Fig. 1 6 is an explanatory diagram showing another 
example of the arrangement of the minimicrophones according 
to the present embodiment; Fig. 17 is an explanatory diagram 
showing another example of the arrangement of the 
reproduction-use minispeakers according to the present 

15 embodiment; and Fig. 18 is an explanatory diagram showing 
a structure of a conventional OSS. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Preferred embodiments of this invention will be 
20 explainedbelow with reference to the accompanying drawings . 

To begin with, a structure of a stereophonic sound 
field reproducing apparatus according to one embodiment of 
the present invention will be explained. Fig. 1 is an 
explanatory diagram showing the structure of the 
25 stereophonic sound field reproducing apparatus according 
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to the present embodiruent . This stereophonic sound field 
reproducing apparatus has a dummy head 2 which is called 
as HATS (Head and Torso Simulator ) arranged in a stereophonic 
sound field 1 as recording target, N-numbered 
5 rainimicrophones 3L1 through 3LN (N : natural number) arranged 
in different positions in the vicinity of a left ear of the 
HATS 2 on the outside of the HATS 2, N-numbered 
rainimicrophones 3R1 through 3RN arranged in different 
positions in the vicinity of a right ear of the HATS 2 on 

10 the outside of the HATS 2, a signal processing unit 4 having 
a plurality of signal processing circuits (filters), 
N-numbered reproduction-use minispeakers 6L1 through 6LN 
arranged in different positions in the vicinity of the left 
earofauserS, and N-numbered reproduction-use minispeakers 

15 6R1 through 6RN arranged in different positions in the 
vicinity of a right ear of the user 5. 

In the stereophonic sound field 1 as recording target 
including reflection and diffraction of the HATS 2, the 
rainimicrophones 3L1 through 3LN and 3R1 through 3RN detect 

20 sound pressures in the respective arranged positions, and 
generate sound pressure data . The generated sound pressure 
data are recorded in a recorder, not shown, with 
multi-channel. The multi-channel signals ( sound pres sure 
data) recorded in the recorder, not shown, are input into 

25 the signal processing unit 4 individually. 
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The signal processing unit 4 processes the input 
2N-numbered multi-channel signals. The signal processing 
unit 4 stores characteristics between the head of the user 
5 and the plurality of reproduction-use minispeaker s 6L1 
5 through 6LN and 5R1 through 6RN which were previously- 
measured, particularly characteristics between the 
vicinities of the ears of the user 5 and the plurality of 
reproduction-use minispeakers 6L1 through 6LN and 6R1 
through 6RN, and characteristics between the plurality of 

10 reproduction-use minispeakers 6L1 through 6LN and 6R1 
through 6RN. The signal processing unit 4 processes the 
signals so as to correct these characteristics and outputs 
2N-numbered multi-channel signals. 

The reproduction-use minispeakers 6L1 through 6LN and 

15 6R1 through 6RN arranged in the vicinities of both the ears 
of the user 5 input the 2N-numbered channel signals from 
the signal processing unit 4, and output sound waves . Here, 
the reproduction-use minispeakers 6L1 through 6LN and 6R1 
through 6RN are arranged in positions or their vicinities 

20 where a relationship with the head of the user 5 becomes 
the same as the relationship between the position of the 
head of the HATS 2 and the positions of the miniraicrophones 
3L1 through 3LN and 3R1 through 3RN when they are used. In 
other words, the minimicrophones 3L1 through 3LN and 3R1 

25 through 3RN are arranged in the positions which are 
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relatively the same as the positions of the reproduction-use 
minispeakers 6L1 through 6LN and 6R1 through 6RN . 

In such amanner, in order to perform the signal process 
for correcting the characteristics between the vicinities 
5 of both the ears of the user 5 and the plurality of 
reproduction-use minispeakers 6L1 through 6LN and 6R1 
through 6RN and correcting the characteristics between the 
plurality of reproduction-use minispeakers 6L1 through 6LN 
and 6R1 through 6RN simultaneously, the sound pressures 

10 recorded by the minimicrophones 3L1 through 3LN and 3R1 
through 3RN are reproduced properly in the positions around 
the head of the user 5 corresponding to the respective 
recording positions so that the stereophonic sound field 
1 as recording target can be reproduced properly in the 

15 vicinity of both the ears of the user 5. Moreover, since 
the reproduction-use minispeakers 6L1 through 6LN and 6R1 
through 6RN are arranged in the vicinities of the head of 
the user 5, stereophonic sound whose sense of direction and 
sense of distance are correct can be generated without fixing 

20 the position of the user 5 and without feeling that sound 
quality is incongruous and phase is inverted . Here, instead 
of the HATS 2, a measurement by means of the actual human 
body may be made . 

Fig. 2 is a perspective view showing a structure of 

25 aspeakerportionof the stereophonic sound field reproducing 
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apparatus according to the present embodiment. This 
speaker portion has the reproduction-use minispeakers 6L1 
through 6LN and 6Rl through 6RN, and a holding section 7 
for holding the reproduction-use minispeakers 6L1 through 
5 5LN and 6R1 through 6RN onto the head of the user 5. The 
holding section 7 can easily arrange the reproduction-use 
minispeakers 5L1 through 6LN and 6R1 through 6RN in 
predetermined positions around the head of the user 5 . Even 
when the head of the user 5 is moved, the positional 

10 relationship between the reproduction-use minispeakers 6L1 
through 6LN and 6R1 through 6RN and the head of the user 
5 is maintained. This speaker section is of a headphone 
shape, and is attached to the head of the user 5 at the time 
of using, but it does not shut the ears of the user 5 . For 

15 this reason, a natural sound field with a feeling of freedom 
can be reproduced. 

Fig. 3 is an explanatory diagram showing one example 
of the arrangement of the minimicrophones according to the 
present embodiment. Fig. 4 is an explanatory diagram 

20 showing one example of the arrangement of the 
reproduction-use minispeakers according to the present 
embodiment. For example, the minimicrophones 3L1 and 3L2 
are provided in positions ALl and AL2 in the vicinity of 
the left ear of the HATS 2, and the minimicrophones 3R1 and 

25 3R2 are provided in positions ARl and AR2 in the vicinity 
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of the right ear of the HATS 2. One minimicrophone may be 
provided in each vicinity of both the ears of the HATS 2, 
or the provision is not limited to the vicinity of the ears 
and may be provided in arbitrary positions around the head 
5 of the HATS 2. However, the plurality of minimicrophone s 
are arranged in the vicinities of both the ears so that a 
sound field can be expected to be reproduced with reality. 
The minimicrophones 3L1, 3L2, 3R1 and 3R2 measure (detect) 
the soundpressures PALI, PAL2, PARI and PAR2 in the positions 

10 ALl, AL2, ARl and AR2 respectively. In the relatively same 
positions around the head of the user 5, these soundpressures 
are reproduced properly so that the sound field can be 
reproduced properly. 

In addition, the reproduction-use minispeakers 6L1 

15 and 6L2 are provided so as to be located in the vicinities 
of positions BLl and BL2 in the vicinity of the left ear 
of the user 5. The reproduction-use minispeakers 6R1 and 
6R2 are provided so as to be located in the vicinities of 
positions BRl and BR2 in the vicinity of the right ear of 

20 the user 5. Here, the positions BLl, BL2, BRl and BR2 are 
the relatively same as the positions ALl, AL2, ARl and AR2 . 
Namely, the positional relationship between the head of the 
HATS 2 and the positions ALl, AL2, ARl, AR2 is the same as 
the positional relationship between the head of the user 

25 5 and the positions BLl, BL2, BRl and BR2 . 
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With these plurality of reproduction-use mini speakers 
6L1, 6L2, 6R1 and 6R2 , a sound pressure PBLl is generated 
in the position BLl, a sound pressure PBL2 is generated in 
the position BL2, a sound pressure PBRl is generated in the 
5 position BRl, and a sound pressure PBR2 is generated in the 
position BR2 . When the sound pressures PBLl, PBL2, PBRl 
and PBR2 are equal to the sound pressures PALI, PAL2 , PARI 
and PAR2, a stereophonic sound with correct sense of 
direction and sense of distance can be generated. 

10 Fig. 5 is an explanatory diagram for explaining a 

recording process of the stereophonic sound field generating 
apparatus according to the present invention. In this 
recording process, a signal (sound wave) propagated from 
a sound source 8 for creating a sound field as recording 

15 target is measured (detected) in the positions ALl, AL2, 
ARl and AR2 in the vicinities of both the ears of the HATS 
2. In general, a characteristic of a propagation path of 
sound wave from sound source to head in a sound space can 
be represented by a head transmission function. A head 

20 transmission function from the sound source 8 to the position 
ALl is HLl , a head transmission function from the sound source 
8 to the position AL2 is HL2, a head transmission function 
from the sound source 8 to the position ARl is HRl, and a 
head transmission function from the sound source 8 to the 

25 position AR2 is HR2 . A sound wave from the sound source 



19 



8 is processed by the head transmission HLl and measured 
by theminimicrophone 3L1, processedby the head transmission 
function HL2 and measured by the minimicrophone 3L2, 
processed by the head transmission function HRl andmeasured 
by the minimicrophone 3R1, and processed by the head 
transmission function HR2 andmeasured by the minimicrophone 
3R2 . 

In such a manner , the sound pressures PALI, PAL2, PARI 
and PAR2 measured in the positions ALl, AL2, ARl and AR2 
are subject to the processes using the head transmission 
functions HLl, HL2, HRl and HR2, and the measured sound 
pressures PALI, PAL2, PARI and PAR2 are reproduced properly 
in the positions BLl, BL2, BRl and BR2 . As a result, 
direction and distance of the sound source can be represented. 
Namely, a sound image can be fixed in the position where 
the positional relationship with the user 5 is the same as 
the positional relationship between the HATS2 and the sound 
source 8 . 

Fig. 6 is an explanatory diagram for explaining a 
reproducing process of the stereophonic sound field 
generating apparatus according to the present embodiment. 
In this reproducing process, the reproduction-use 
minispeakers 6L1, 6L2, 6R1 and 6R2 input the signals 
processed in the signal processing unit 4, and output sound 
waves. These sound waves propagate to the positions BLl, 
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BL2, BRl and BR2 so that the sound pressures PBLl, PBL2, 
PBRl and PBR2 are generated. 

The sound wave output from the reproduction-use 
minispeaker 6L1 is processed by a transmission function GLl 
5 including reflection of person or HATS2 from the 
reproduction-use minispeaker 6L1 to the position BLl so as 
to be propagated to the position BLl, processed by a 
transmission function GL1L2 including reflection of person 
or HATS2 from the reproduction-use minispeaker 6L1 to the 
10 position BL2 so as to be propagated to the position BL2, 
processed by a transmission function GLlRl including 
reflection of person or HATS2 from the reproduction-use 
minispeaker 6L1 to the position BRl so as to be propagated 
to the position BRl, and processed by a transmission function 
15 GL1R2 including reflection of person or HATS2 from the 
reproduction-use minispeaker 6L1 to the position BR2 so as 
to be propagated to the position BR2 . 

Similarly, the sound wave output from the 
reproduction-use minispeaker 6L2 is processed by a 
20 transmission function GL2L1 including reflection of person 
or HATS2 from the reproduction-use minispeaker 6L2 to the 
position BLl so as to be propagated to the position BLl, 
processed by a transmission function GL2 including 
reflection of person or HATS2 from the reproduction-use 
25 minispeaker 6L2 to the position BL2 so as to be propagated 



to the position BL2, processed by a transmission function 
GL2R1 including reflection of person or HATS2 from the 
reproduction-use minispeaker 6L2 to the position BRl so as 
to be propagated to the position BRl, and processed by a 
transmission function GL2R2 including reflection of person 
or HATS2 from the reproduction-use minispeaker 6L2 to the 
position BR2 so as to be propagated to the position BR2 . 

In addition, the sound wave output from the 
reproduction-use minispeaker 6R1 is processed by a 
transmission function GRlLl including reflection of person 
or HATS2 from the reproduction-use minispeaker 6R1 to the 
position BLl so as to be propagated to the position BLl, 
processed by a transmission function GR1L2 including 
reflection of person or HATS2 from the reproduction-use 
minispeaker 6R1 to the position BL2 so as to be propagated 
to the position BL2 , processed by a transmission function 
GRl including reflection of person or HATS2 from the 
reproduction-use minispeaker 6R1 to the position BRl so as 
to be propagated to the position BRl, and processed by a 
transmission function GR1R2 including reflection of person 
or HATS2 from the reproduction-use minispeaker 6R1 to the 
position BR2 so as to be propagated to the position BR2 . 

In addition, the sound wave output from the 
reproduction-use minispeaker 6R2 is processed by a 
transmission function GR2L1 including reflection of person 



or HATS2 from the reproduction-use minispeaker 6R2 to the 
position BLl so as to be propagated to the position BLl, 
processed by a transmission function GR2L2 including 
reflection of person or HATS2 from the reproduction-use 
minispeaker 6R2 to the position BL2 so as to be propagated 
to the position BL2, processed by a transmission function 
GR2R1 including reflection of person or HATS2 from the 
reproduction-use minispeaker 6R2 to the position BRl so as 
to be propagated to the position BRl, and processed by a 
transmission function GR2 including reflection of person 
or HATS2 from the reproduction-use minispeaker 6R2 to the 
position BR2 so as to be propagated to the position BR2 . 

In such a manner , the sound pressures PBLl , PBL2, PBRl 
and PBR2 in the positions BLl, BL2, BRl and BR2 are generated 
by the sound waves propagated from the four reproduction-use 
minispeakers 6L1, 6L2, 6R1 and 6R2 at the time of reproduction . 
Namely, these soundpressures are composed of four components . 
In the case where the synthesized results of the four 
components are equal to the soundpressures PALI, PAL2, PARI 
and PAR2 as recorded results, this means that the head 
transmission functions HLl, HL2, HRl and HR2 are processed 
correctly in the positions BLl, BL2, BRl and BR2 . As a result, 
the stereophonic sound field, in which a sense of direction 
and a sense of distance are proper, namely, a position of 
the sound source is sensed properly, is reproduced. 
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The signals, which are processed by the transmission 
functions GL1L2, GLlRl, GL1R2, GL2L1, GL2R1, GL2R2, GRlLl, 
GR1L2, GR1R2, GR2L1, GR2L2 and GR2R1 so as to be propagated 
in the signals (sound waves) propagated from the four 
reproduction-use minispeakers 6L1, 6L2, 6R1 and 6R2 to the 
positions BLl, BL2, BRl and BR2, are called as cross talk 
components, and they should be canceled. Meanwhile, the 
signals which are processed by the transmission functions 
GLl, GL2, GRl and GR2 to be propagated are called as direct 
components, and they are used for reproducing the 
stereophonic sound field. 

Fig. 7 is a block diagram showing one example of the 
structure of the signal processing unit 4 according to the 
present embodiment shown in Fig. 1. The signal processing 
unit 4 has an input terminal 9L1, an input terminal 9L2, 
an input terminal 9R1, an input terminal 9R2, a circuit 
(filter) lOLl, a circuit (filter) 10L2, a circuit (filter) 
lORl, a circuit (filter) 10R2, cross talk cancellers 10L1L2 , 
lOLlRl, 10L1R2, 10L2L1, 10L2R1, 10L2R2, lORlLl, 10R1L2, 
10R1R2, 10R2L1, 10R2L2 and 10R2R1, an adder llLl, an adder 
11L2, an adder llRl and an adder 11R2. The input terminal 
9L1 inputs a signal SLl measured by the minimicrophone 3L1. 
The input terminal 9L2 inputs a signal SL2 measured by the 
minimicrophone 3L2 . The input terminal 9R1 inputs a signal 
SRI measured by the minimicrophone 3R1 . The input terminal 



9R2 inputs a signal SR2 measured by the minimicrophone 3R2. 
The circuit lOLl corrects a characteristic of the 
minimicrophone 3L1, a characteristic of the 
reproduction-use minispeaker 6L1 and a characteristic 
including the transmission function GLl using an inverse 
function. The circuit 10L2 corrects a characteristic of 
the minimicrophone 3L2, a characteristic of the 
reproduction-use minispeaker 6L2 and a characteristic 
including the transmission function GL2 using an inverse 
function. The circuit lORl corrects a characteristic of 
the minimicrophone 3R1, a characteristic of the 
reproduction-use minispeaker 6R1 and a characteristic 
including the transmission function GRl using an inverse 
function. The circuit 10R2 corrects a characteristic of 
the minimicrophone 3R2, a characteristic of the 
reproduction-use minispeaker 6R2 and a characteristic 
including the transmission function GR2 using an inverse 
function. The cros s talk cancellers 1 0L1L2 , lOLlRl, 10L1R2, 
10L2L1, 10L2R1, 10L2R2, lORlLl, 10R1L2, 10R1R2, 10R2L1, 
10R2L2 and 10R2R1 generate cross talk canceling signals for 
canceling the signals which are processed by the transmission 
functions GL1L2, GLlRl, GL1R2, GL2L1, GL2R1, GL2R2, GRlLl, 
GR1L2, GR1R2, GR2L1, GR2L2 and GR2R1 so as to be propagated. 
The adder llLl adds the output signal of the circuit lOLl 
and the cross talk canceling signals from the cross talk 
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cancellers 10L2L1, lORlLl and 10R2L1. The adder 11L2 adds 
the output signal of the circuit 10L2 and the cross talk 
canceling signals from the cross talk cancellers 10L1L2, 
10R1L2 and 10R2L2. The adder llRl adds the output signal 
5 of the circuit lORl and the cross talk canceling signals 
from the cross talk cancellers lOLlRl, 10L2R1 and 10R2R1. 
The adder 11R2 adds the output signal of the circuit 10R2 
and the cross talk canceling signals from the cross talk 
cancellers 10L1R2, 10L2R2 and 10R1R2. 

10 The circuits lOLl, 10L2, lORl and 10R2 and the cross 

talk cancellers 10L1L2, lOLlRl, 10L1R2, 10L2L1, 10L2R1, 
10L2R2, lORlLl, 10R1L2, 10R1R2, 10R2L1, 10R2L2 and 10R2R1 
may be realized by, for example, using a general-purpose 
microprocessor, or DSP ( Digital Signal Proces sor ) for higher 

15 speed. 

Transmission functions FLl, FL2 , FRl and FR2 of the 
circuits lOLl, 10L2, lORl and 10R2, and transmission 
functions FL1L2, FLlRl, FL1R2, FL2L1, FL2R1, FL2R2, FRlLl, 
FR1L2, FR1R2, FR2L1, FR2L2 and FR2R1 of the cross talk 

20 cancellers 10L1L2, lOLlRl, 10L1R2, 10L2L1, 10L2R1, 10L2R2, 
lORlLl, 10R1L2, 10R1R2, 10R2L1, 10R2L2 and 10R2R1 are 
calculated based on the transmission functions GLl, GL2, 
GRl, GR2, GL1L2, GLlRl, GL1R2, GL2L1, GL2R1, GL2R2, GRlLl, 
GR1L2, GR1R2, GR2L1, GR2L2 and GR2R1, the characteristics 

25 of the minispeakers 6L1, 6L2, 6R1 and 6R2 , the 
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characteristics of the minispeakers 5L1, 6L2, 6R1 and 6R2 
and the like. 

The transmission functions GLl, GL2, GRl, GR2, GL1L2, 
GLIRI, GL1R2, GL2L1, GL2R1, GL2R2, GRlLl, GR1L2 , GR1R2, GR2L1, 
5 GR2L2 and GR2R1, the characteristics of the minispeakers 
6L1, 6L2, 6R1 and 6R2, and the characteristics of the 
minimicrophones 3L1, 3L2, 3R1 and 3R2 are calculated in the 
following manner. For example, in the environment shown 
in Fig. 6, the head of a person or HATS2 is arranged in the 

10 position similar to that at the time of reproduction, the 
minimicrophones 3L1, 3L2, 3R1 and 3R2 are arranged in the 
positions BLl, BL2, BRl and BR2, white noise and impulse 
are generated from the minispeakers 6L1, 6L2, 6R1 and 6R2 
successively one by one, the sound pressures PBLl, PBL2, 

15 PBRl and PBR2 are measured, and the above transmission 
functions and the characteristics are calculated from the 
characteristics of the measured sound pressures PBLl, PBL2, 
PBRl and PBR2. 

Fig. 8 is an explanatory diagram for explaining a 

20 function of the signal processing unit 4 according to the 
present embodiment. In order to explain the function of 
the signal processing unit 4, for example, the 
minimicrophones 3L1, 3L2, 3R1 and 3R2 are arranged in the 
positions BLl, BL2, BRl and BR2 . When the signal SLl is 

25 input into the input terminal 9L1, the circuit lOLl outputs 
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a signal for correcting characteristics from the 
reproduction-use itiinispeaker 6L1 via the propagation path 
of the transmission function GLl to the minimicrophone 3L1. 
Moreover, the cross talk cancellers 10L1L2 , lOLlRl and 10L1R2 
5 generate cross talk canceling signals for mainly canceling 
cross talk components which are output from the 
reproduction-use minispeaker 6L1 and detected in the 
minimicrophones 3L2, 3R1 and 3R2. 

Similarly, when the signal SL2 is input into the input 

10 terminal 9L2, the circuit 10L2 outputs a signal for 
correcting characteristics from the reproduction-use 
minispeaker 6L2 via the propagation path of the transmission 
function GL2 to the minimicrophone 3L2 . Moreover, the cross 
talk cancellers 10L2L1, 10L2R1 and 10L2R2 generate cross 

15 talk canceling signals for mainly canceling cross talk 
components which are output from the reproduction-use 
minispeaker 6L2 and detected in the minimicrophones 3L1, 
3R1 and 3R2 . 

In addition, when the signal SRI is input into the 
20 input terminal 9R1, the circuit lORl outputs a signal for 
correcting characteristics from the reproduction-use 
minispeaker 6R1 via the propagation path of the transmission 
function GRl to the minimicrophone 3R1 . Moreover, the cross 
talk cancellers lORlLl, 10R1L2 and 10R1R2 generate cross 
25 talk canceling signals for mainly canceling cross talk 
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components which are output from the reproduction-use 
minispeaker 6R1 and. detected in the minimicrophones 3L1, 
3L2 and 3R2 . 

In addition, when the signal SR2 is input into the 
input terminal 9R2, the circuit 10R2 outputs a signal for 
correcting characteristics from the reproduction-use 
minispeaker 6R2 via the propagation path of the transmission 
function GR2 to the minimicrophone 3R2 . Moreover, the cross 
talk cancellers 10R2L1, 10R2L2 and 10R2R1 generate cross 
talk canceling signals for mainly canceling cross talk 
components which are output from the reproduction-use 
minispeaker 6R2 and detected in the minimicrophones 3L1, 
3L2 and 3R1. 

These correction-use signals are synthesized by the 
adders llLl, 11L2, llRl and 11R2, and the reproduction-use 
minispeakers 6L1, 6L2, 6R1 and 6R2 reproduce sound waves 
for correcting the cross talk components and the direct 
components. This reproduction is executed simultaneously 
from the reproduction-use minispeakers 6L1, 6L2, 6R1 and 
6R2 so that the same signals as the signals SLl, SL2, SRI 
and SR2 input into the input terminals 9L1, 9L2, 9R1 and 
9R2 are output from output terminals 12L1, 12L2, 12R1 and 
12R2 of the minimicrophones 3L1, 3L2, 3R1 and 3R2 . Namely, 
the sound pressures PALI, PAL2, PARI and PAR2 at the time 
of recording coincide with the sound pressures PBLl, PBL2 , 
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PBRl and PBR2 at the time of reproduction. 

Howthe stereophonic sound field reproducing apparatus 
according to the present embodiment function will be 
explained here with reference to a flowchart. Fig. 9 is 
a flowchart showing a flow of the operation of the 
stereophonic sound field reproducing apparatus according 
to the present embodiment . At first a sound field is detected 
by the minimicrophone s 3L1, 3L2, 3R1 and 3R2 arranged around 
the head of the HATS2 (SI) , and detected signals are recorded 
by the recorder (S2) . The recorded signals are processed 
by the signal processing unit 4 at the time of using so that 
characteristics between the reproduction-use minispeakers 
6L1, 6L2, 6R1 and 6R2 and the head of the user 5 and the 
characteristics between the reproduction-use minispeakers 
6L1, 5L2, 6R1 and 6R2 are corrected simultaneously (S3) . 
The corrected signals are converted into sound waves by the 
reproduction-use minispeakers 6L1, 6L2, 6R1 and 6R2 so that 
a stereophonic sound field is reproduced (S4) . Here, for 
explanation, in Fig. 9, steps SI and S2 are described 
separately, but actually these steps are executed parallel 
and simultaneously. Similarly, steps S3 and S4 are also 
executed simultaneously. 

A head transmission function filter according to the 
present embodiment will now be explained. A head 
transmission function filter may be further provided in the 



stereophonic sound field reproducing apparatus according 
to the present embodiment . Fig. 10 is a block diagram showing 
one example of the structure of the head transmission 
function filter according to the present embodiment. Head 
portion transmission function filters 22L1, 22L2, 22R1 and 
22R2 are arranged at a stage before the signal processing 
unit 4, and have a common input terminal 21 and output 
respective output signals to the signal processing unit 4. 
Namely, signals processed by the head transmission function 
filters 22L1, 22L2, 22R1 and 22R2 are input into the signal 
processing unit 4 instead of the signals detected by the 
minimicrophones 6L1, 6L2, 6R1 and 6R2 . 

The head transmission function filters 22L1, 22L2, 
22R1 and 22R2 may be realized by using, for example, a 
general-purpose microprocessor or DSP (Digital Signal 
Processor) for higher speed. Moreover, the signals to the 
signal processing unit 4 may be digital signals or analog 
signals , 

The head transmission function filter 22L1 convolutes 
a characteristic, from a sound image fixed position to the 
position BLl in the vicinity of ear where the signal is 
reproduced, on a monophonic signal SI input from the input 
terminal 21. Similarly, the head transmission function 
filter 22L2 convolutes a characteristic, from the soundimage 
fixed position to the position BL2 in the vicinity of the 
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ear where the signal is reproduced, on the raonophonic signal 
SI input into the input terminal 21. Moreover, the head 
transmission function filter 22R1 convolutes a 
characteristic, from the sound image fixed position to the 
5 position BRl in the vicinity of the ear where the signal 
is reproduce, on the monophonic signal Si input into the 
input terminal 21 . Further, the head transmission function 
filter 22R2 convolutes a characteristic, from the soundimage 
fixed position to the position BR2 in the vicinity of the 
10 ear where the signal is reproduced, on the monophonic signal 
SI input into the input terminal 21. 

In other words, when the monophonic signal 31 is input 
into the input terminal 21, the head transmission function 
filters 22L1, 22L2, 22R1 and 22R2 execute the convolution 
15 process on the input signals Si for fixing the sound image 
in predetermined positions , and output the processed signals . 
When transmission functions DLl, DL2 , DRl and DR2 of the 
head transmission function filters 22L1, 22L2, 22R1 and 22R2 
are approximated to, for example, the head transmission 
20 functions HLl, HL2, HRl and HR2 shown in Fig. 5, the sound 
image can be fixed in positions where a relationship with 
the user 5 is the same as the relationship between the position 
of the head of the HATS2 and the position of the sound source 
8 . 

25 In the environment shown in Fig. 5, the head 
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transmission functions HLl, HL2, HRl and. HR2 can be 
calculated in such a manner that the sound source 8 generates 
white noise and impulse, and the minimicrophones 3L1, 3L2, 
3R1 and 3R2 measure the sound pressures PALI, PAL2, PARI 
and PAR2 . These functions can be calculated from the 
measured results. While the position of the sound source 
8 is being changed, the sound pressures PALI, PAL2, PARI 
and PAR2 are measured so that a plurality of head transmission 
functions are calculated. Thereafter, the plurality of 
sets of characteristics (filter factors) of the head 
transmission function filters 22L1, 22L2, 22R1 and 22R2 are 
calculated based on the calculated plurality of head 
transmission functions and may be stored in a memory, not 
shown. Desired filter factors are selected from the 
plurality of sets of filter factors stored in the memory 
and so as to be filter factors of the head transmission 
function filters 22L1, 22L2, 22R1 and 22R2. As a result, 
the sound image can be fixed in a desired position. 

In this case, the four signals generated by the head 
transmission function filters 22L1, 22L2, 22R1 and 22R2 have 
the characteristics which are the same as those of the sound 
pressures PALI, PAL2, PARI and PAR2 . Namely, they have the 
characteristics which are the same as those of the output 
signals of the minimicrophones 3L1, 3L2, 3R1 and 3R2 . These 
signals are treated similarly to the signals SLl, SL2, SRI 
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and SR2 shown in Fig. 8 and undergo the cross talk canceling 
so that a proper stereophonic sound field can be generated. 

Further, the plurality of sets of the head transmission 
function filters may be provided . Fig. 11 is a block diagram 
5 showing a structure of another head transmission function 
filter according to the present embodiment . In this example, 
head transmission function filter s 32L1 , 32L2, 32R1 and 32R2 
are further provided so as to be the plurality of sets of 
head transmission filters. The head transmission function 

10 filters 32L1, 32L2, 32R1 and 32R2 are arranged at a stage 
before the signal processing unit 4, and have a common input 
terminal 31. The output signals of the head transmission 
function filters 32L1, 32L2, 32R1 and 32R2 are synthesized 
with the output signals of the head transmission function 

15 filters 22L1, 22L2, 22R1 and 22R2 so that the synthesized 
signals are input into the signal processing section 4. 

The head transmission function filter 32L1 convolutes 
a characteristic, from a sound image fixed position, which 
is different from the head transmission filters 22L1, 22L2, 

20 22R1 and 22R2, to the position BLl in the vicinity of ear 
where the signal is reproduced, on a monophonic signal S2 
input from the input terminal 31. Similarly, the head 
transmission function filter 32L2 convolutes a 
characteristic, from the sound image fixed position, which 

25 is different from the head transmission function filters 
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22L1, 22L2, 22R1 and22R2, to the position BL2 in the vicinity 
of ear where the signal is reproduced, on the monophonic 
signal S2 input from the input terminal 31. Moreover, the 
head transmission function filter 32R1 convolutes a 
5 characteristic, from a sound image fixed position, which 
is different from the head transmission function filters 
22L1, 22L2, 22Rland22R2, to the position BRl in the vicinity 
of ear where the signal is reproduced, on the monophonic 
signal S2 input from the input terminal 31. Further, the 

10 head transmission function filter 32R2 convolutes a 
characteristic, from a sound image fixed position which is 
different from the head transmission function filters 22L1, 
22L2, 22R1 and 22R2, to the position BR2 in the vicinity 
of ear where the signal is reproduced, on the monophonic 

15 signal S2 input from the input terminal 31. 

In other words, when the monophonic signal S2 is input 
into the input terminal 31, the head transmission function 
filters 32L1, 32L2, 32R1 and 32R2 execute the convolution 
process on the input signals S2 so that the sound image is 

20 fixed in the positions which are independent from the 
positions where the head transmission function f liters 22L1, 
22L2, 22R1 and 22R2 fix the sound image so as to output the 
processed signals. Here, similarly to the head 

transmission function filters 22L1, 22L2, 22R1 and 22R2, 

25 desired filter factors are selected from the plurality of 



sets of filter factors stored in the memory so as to be filter 
factors of the head transmission function fi Iters 32L1, 32L2, 
32R1 and 32R2. As a result, the sound image can be fixed 
in desired position. 

For example, transmission functions CLl, CL2, CRl and 
CR2 of the head transmission function filters 32L1, 32L2, 
3 2R1 and 32R2 are approximated to head transmission functions 
from the sound source 30 shown in Fig. 12 to the 
minimicrophones 3L1, 3L2, 3R1 and 3R2 so that a stereophonic 
sound field in the environment shown in Fig. 12 can be 
reproduced for the user 5. In such a manner, two sets of 
the head transmission function filters are provided so that 
the sound image can be fixed in desired two positions 
simultaneously by using a monophonic sound source. Sets 
of head transmission function filters are further provided 
so that the sound image may be fixed in a plurality of 
positions . 

In addition, the minimicrophones and the 
reproduction-use minispeakers are arranged in the 
vicinities of both the ears of HATS2 and in the vicinities 
of both the ears of the user 5 so that three or more of them 
may be provided for each ear. Fig. 13 is an explanatory 
diagram showing another example of the arrangement of the 
microphones according to the present embodiment. In this 
example, minimicrophones 3L3 and 3R3 are further provided 
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in positions AL3 and AR3 in the vicinities of both the ears 
of HATS2 so a to detect sound pressures PAL3 and PARS. In 
this case, two reproduction-use minispeakers are also added, 
and circuits such as cross talk canceller are added in the 
5 signal processing unit 4 . 

In addition, it is regarded that a cross talk between 
the right and left reproduction-use minispeakers can be 
ignored, and the signal processing unit is divided into two 
for right and left. As a result, the signal process may 

10 be executed so as to simultaneously correct characteristics 
between all reproduction-use minispeakers for one ear and 
the head of the user 5, characteristics between all the 
reproduction-use minispeakers for one ear, characteristics 
between all reproduction-use minispeakers for the other ear 

15 and the head of the user 5, and characteristics between all 
the reproduction-use minispeakers for the other ear. 

Fig. 14 is a block diagram showing a structure of the 
signal processing unit (for left) according to the present 
embodiment. Here, the same reference numerals are given 

20 to the same sections as those in Fig. 11, and the description 
thereof is omitted. This signal processing unit 43 has 
circuits lOLl and 10L2, a circuit 10L3, cross talk cancellers 
FL1L2 andFLlL3, cross talk cancellers FL2L1 and FL2L3 , cross 
talk cancellers FL3L1 and FL3L2, an adder 44L1, an adder 

25 44L2 and an adder 44L3. The circuit 10L3 corrects a direct 
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component which are output from the reproduction-use 
minispeaker 6L3 arranged in the vicinity of the left ear 
of the user 5 and is propagated to the vicinity of the left 
ear. The cross talk cancellers FL1L2 and FL1L3 generate 
5 cross talk canceling signals for canceling cross talk 
components output from the reproduction-use minispeaker 6L1 
and propagated to the vicinity of the left ear of the user 
5 . The cross talk cancellers FL2L1 and FL2L3 generate cross 
talk canceling signals for canceling a cross talk component 

10 output from the reproduction-use minispeaker 6L2 and 
propagated to the vicinity of the left ear of the user 5. 
The cross talk cancellers FL3L1 and FL3L2 generate cross 
talk canceling signal for canceling a cross talk component 
output from the reproduction-use minispeaker 6L3 and 

15 propagated to the vicinity of the left ear of the user 5. 
The adder 44L1 adds an output signal of the circuit lOLl 
and the cross talk canceling signals from the cross talk 
cancellers 10L2L1 and 10L3L1 so as to output the added signals 
to the reproduction-use minispeaker 6L1. The adder 44L2 

20 adds an output signal of the circuit 10L2 and the cross talk 
canceling signals from the cross talk cancellers 10L1L2 and 
10L3L2 so as to output the added signals to the 
reproduction-use minispeaker 6L2 . The adder 44L3 adds an 
output signal of the circuit 10L3 and the cross talk canceling 

25 signals from the cross talk cancellers 10L1L3 and 10L2L3 
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SO as to output the added signals to the reproduction-use 
rainispeaker 6L3 . 

22L3 and 32L3 arranged at a stage before the signal 
processing unit 43 are head transmission function filters 
whose transmission functions are DL3 and CL3 respectively. 
The process is divided independently into two for right and 
left in such a manner so that the process and the circuits 
can be simplified. Here, since the right-use signal 
processing unit has the structure similar to the left-use 
processing unit 43 and performs the similar operation, the 
description thereof is omitted. 

Fig. 15 is an explanatory diagram for explaining a 
function of the signal processing unit 43 according to the 
present embodiment. In order to explain the function of 
the signal processing unit 43, for example, minimicrophones 
3L1, 3L2 and 3L3 are arranged in positions BLl, BL2 and BL3 . 
Here, the position BL3 is relatively equal to the position 
AL3 . When the signals from the head transmission function 
filters 22L1 and 32L1 are input, the circuit lOLl outputs 
a signal for correcting a characteristic from the 
reproduction-use minispeaker 6L1 to the minimicrophone 3L1 . 
Moreover, the cross talk cancellers 10L1L2 and 10L1L3 
generate cross talk canceling signals for mainly canceling 
a cross talk component output from the reproduction-use 
minispeaker 6L1 and detected by the minimicrophones 3L2 and 
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3L3 . 

Similarly, when the signals from the head transmission 
function filters 22L2 and 32L2 are input, the circuit 10L2 
outputs a signal for correcting a characteristic from the 
5 reproduction-use minispeaker 6L2 to the minimicrophone 3L2 . 
Moreover, the cross talk cancellers 10L2L1 and 10L2L3 
generate cross talk canceling signals for mainly canceling 
a cross talk component output from the reproduction-use 
minispeaker 6L2 and detected by the minimicrophones 3L1 and 
10 3L3. 

In addition, when the signals from the head 
transmission function filters 22L3 and 32L3 are input, the 
circuit 10L3 outputs a signal for correcting a characteristic 
from the reproduction-use minispeaker 6L3 to the 

15 minimicrophone 3L3. Moreover, the cross talk cancellers 
10L3L1 and 10L3L2 generate cross talk canceling signals for 
mainly canceling a cross talk component output from the 
reproduction-use minispeaker 6L3 and detected by the 
minimicrophones 3L1 and 3L3 . 

2 0 These correcting signals are synthesized by the adders 

44L1, 44L2 and 44L3, and the reproduction-use minispeakers 
6L1, 6L2 and 6L3 reproduce sound waves for correcting the 
cross talk components and the direct components. When this 
reproduction is executed simultaneously from the 

25 reproduction-use minispeakers 6L1, 6L2 and 6L3, signals 



which are the same as the signals input into the signal 
processing unit 43 are output from output terminals 12L1, 
12L2 and 12L3 of theminimicrophones 3L1, 3L2and3L3. Namely, 
the sound pressures PALI, PAL2 and PAL3 at the time of 
recording coincide with sound pressures PBLl, PBL2 and PBL3 
at the time of reproduction. The right and left signal 
processing units execute the signal processes for right and 
left simultaneously so that the signal processing unit can 
be simplified whereas a suitable stereophonic sound field 
can be reproduced. 

Further, four or more minimicrophones and 
reproduction-use speakers may be provided for one ear . Fig . 
16 is an explanatory diagram showing another example of an 
arrangement of the minimicrophones according to the present 
embodiment. Fig. 17 is an explanatory diagram showing 
another example of an arrangement of the reproduction-use 
minispeakers according to the present embodiment. In this 
example, minimicrophones 3L4 and 3R4 are provided in 
positions AL4 and AR4 in the vicinities of both the ears 
of HATS2, and reproduction-use minispeakers 6L4 and 6R4 are 
provided in vicinities of positions BL4 and BR4 corresponding 
to the positions AL4 and AR4 . 

The positions ALl through AL4 and ARl through AR4 are 
positions which become apexes of a triangular pyramid 
(tetrahedron) . Namely, in the case where the positions ALl 
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through AL4 or ARl through AR4 are connected by straight 
lines, a body is formed. Therefore, also the positions BLl 
through BL4 and BRl through BR4 are positions which become 
apexes of a triangular pyramid (tetrahedron) . The 
5 positions for three-dimensional recording and reproduction 
are constituted in such a manner so that more real 
reproduction of a stereophonic sound field can be expected. 
The positions for recording and reproduction may be 
increased . 

10 As explained above , according to the present invention, 

sound wave output units are arranged around the head of the 
user at the time of using and input signals to output sound 
waves, first signal processing unit executes the correcting 
process on signals to a plurality of sound wave output units 

15 so as to simultaneously correct characteristics between the 
plurality of sound wave output units and the head of the 
user and characteristics between the plurality of sound wave 
output units. As a result, even if the user moves his/her 
head, the positional relationship between the plurality of 

2 0 soundwave output units and the head of the userisnot changed . 
Moreover, since the characteristics between the plurality 
of sound wave output units and the head of the user and the 
characteristics between the plurality of sound wave output 
units are corrected simultaneously, a stereophonic sound 

25 field can be reproduced properly. 
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In addition, since holding unit is attached to the 
head of the user at the time of using and holds the plurality 
of sound wave output units to the circumference of the head 
of the user, the plurality of sound wave output units can 
5 be arranged easily around the head of the user. 

In addition, since many sound wave output units are 
arranged in the vicinities the ears of the user in such a 
manner that at least two soundwave output units are provided 
for each ear, a stereophonic sound field can be reproduced 

10 more properly. 

In addition, the plurality of detection units are 
arranged in positions or their vicinities where a 
relationship with the head of human body or simulation units 
which imitates human body is the same as the relationship 

15 between the head of the user and the positions of the plurality 
of soundwave output units . The plurality of detection units 
detect a sound field and generate signals to be supplied 
to the sound wave output units. As a result, it is not 
necessary to calculate a head transmission function, and 

20 a stereophonic sound field can be reproduced by using an 
actually measured value of a sound field around the head. 
For this reason, a stereophonic sound field can be reproduced 
more properly. 

In addition, second signal processing unit executes 

25 the process on signals to be supplied to the sound wave output 
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units using the characteristics from a position where a sound 
image is fixed to the vicinities of the plurality of sound 
wave output units. For this reason, a desired sound image 
can be fixed in a desired position. 
5 In addition, the plurality of sound wave output units 

are arranged so that the at least four sound wave output 
units are provided for one ear and arbitrary four sound wave 
output units for one ear are positioned at apexes of a 
triangular pyramid. For this reason, a more stereophonic 

10 sound field can be reproduced. 

In addition, the first signal processing unit executes 
the signal process for correcting the characteristics 
between all the plurality of sound wave output units and 
the head of the user and the characteristics between all 

15 the plurality of sound wave output units simultaneously. 
For this reason, a stereophonic image can be reproduced more 
properly . 

In addition, the plurality of sound wave output units 
are provided respectively for either of both the ears of 

20 the user, and third signal processing unit executes the 
signal process for correcting characteristics between all 
the sound wave output units for one ear and the head of the 
user and characteristics between all the sound wave output 
units for one ear . Moreover, fourth signal processing unit 

25 executes the signal process for correcting characteristics 
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between all the sound wave output units for the other ear 
and the head of the user and characteristics between all 
the sound wave output units for the other ear. As a result, 
since a calculation amount of the signal process is reduced, 
a hardware for the signal process can be simplified and the 
cost can be reduced. 

INDUSTRIAL APPLICABILITY 

As mentioned above, the stereophonic sound field 
reproducing apparatus of the present invention is suitable 
for applications to musical sound reproduction, virtual 
reality and the like. 



